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(54) TWO-STEP PHOTOGRAPHIC PROCESSING TO FORM 
BLACK AND WHITE IMAGES 

(7I) We, PHILIP A. HUNT CHEMICAL CORPORATION, a cor- 
poration organised and exisung under the laws of the State of Delaware, United 
Whv*!^!?*^^^ "^ Palisades Park. New Jersey. United States of America, do 

5 an?t7/m^f?f-ti ^?'^ ^^"^ J^* P"^ * P^^nt may be granted to us. 

* tfcX'5:?nVLtSn?-^'° P«rf<'™«d: to be particularly described in and 5 

Utl.o'^p^''AS''^t^i^^,T'' P~ees«ng to form non- 

iA or^^Iil* method at present most widely used in black and white photographic 
10 processing of non-lithographic latent images in black and white silver halide 10 
«oEf!«o"o1 emulsions is a two-step process, in the first step of which a 

t^^AM^^^f "^'5'' *'Jf* developer suitable for the particular emulsion and 

f^ivS^^K '"i^?* ***P of which undeveloped silver halide 

1 1; whS^^h^^^'* a conventional Twer such as thiosulphate. Such twS-step black and 

wWte I*' ^"'^ if. example, to form photographic black and 15 

tonl emffinf*«^h''o*°'* P^?*** "-Sj P^P*'^ P""*^. high contr^ continuous 
tone emulsions such as reprographic emulsions, and X-ray films. 

In all of such two-step black and white photographic processes a phenomenon 
10 hStn ^^t*',*??"'^; ™' •■"•'^".e to the undesirable Eduction of uneSJ^d^lfver 
^ ft5^° PniFipally in areas which.are supposed to be void of 20 

raetalLc silver. The amount of metallic sUver that creates fw is not co^denSile 
^fw^H r^^^^P't'^^r" reduces comrast and. in fflms which anf to be 

Ton^fH^-H ^'""^ °^ a light causes haze. The phenomenon of fog has been 
considered as an undesirable drawback of black and white pSotoOTaDWc 
hHS processes. Because of its supposed inherence, it has b^n aSted 25 

despite the disadvantage of its presence. Indeed, a common mMsurement ^ 
employed m evaluating emulsions, and various photogSc pro^s^! and 
chemicals has been the lowest level of density created in In Unexposed Imulslon 
after developing and fixing: this level has been called "base " fol^^'^Sly blSe 
°* "^^ntr" """"^ as.a necess«3j evil of the photographkf proS 30 
,o^- Mother problem which existed in the art, and this pertained principallv to 
nnt^J^^P^"' fims was that.tiie silver metal formed upon devffiment ^ 

Fol '^ner t^^i ^ « " *Wnt alpec^of fog 

hog, per se, is merely an increase in dens ty which can be read with a 

& of^l ahV"^'' a diffusion of light noticeabfe when a ^sp^ency is hlld iS 35 
front of a light source. Haze gives nse to a halo around the light source because the 
unwanted metal silver particles diffuse transmitted light "8^ source oecause the 
J " .would be highly desirable to eliminate or greatly reduce foe and haze <!ueh 
M U^u^^r. TJJ^'* '^^e by improving ^omr^ gSw ^Vough 

L^mSf the areas of a developed image which should be uncl3d^d by 40 
elirmnating or reducing haze so tiiat when a radiograph is viewed the combhiation 
Sfo^" and the reduction in haze would enabk a radioSt to f^ 

more readfly inspect a radiograph and observe details which heretofore wire 

45 '""^ TteVSt'il""??'' ^-^^^ ^ef* '° even errSneous d^°aSio^fs 

u » present invention provides a two-step method of black and whitV 
photographic processing of non-lithographic imafes wKenLSc« a deJelo^^^^^ 



for ral^i^^^^'^V"^^- present invention, there is provided a two step metliod 
S ? ^^"^^ ^° "-^^"^ non-lithographic photoCTaphic imasc said mlthod 

15 prevailing cStio"^" S'f L^^, ^^'t^^^^^? ^A'"LP£?"?^^«'l under (he 



30 



35 




20 reorosraDhic deviiionfn/^^ standard developers would be used for 
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rang«orf^''Jr;rto^^crc^^^^^^^ 

*° bleaching after developmemfn ^Iw of tfi^m^ vSteblS 
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5 KS^k siSforSd^^^^ f minimaror essentially non-exista^t! 

remain; bSlyfflamemS' ftKbc&thrt wh^J. ''f?" "^"^ * 
such developed metallic silver k ^tuKin f^ ^ emulsion containing 

15 S^fch^^sSf o^TUr**°" is not to be restrictid TSl i5,^i°iS| 

cob J? S'i^f LThi^'^^^le^sSte'a^^^^ '""^ "r'^'^T^ ^S*-* ''^ "'^-'l °" 
upon QxidaUon tLrehv nP '"'^.''''^"S^^ to a lower valence state 

eliminated MdaemScsi^t7rin^hf »^^ ^'l^^ substantiaUy reduced or 
materially unch^ged! °^ '*»'»ity being visibly 

redu5«"Tn twch'l\fe'Si**a«„*, t ""^"'"'/'e solution known as "farmer's 40 
quantity of aJ^SkiuL Ss^f4afe F ^'l* P"'"'.'"^*' * small ^ 
/educing density of a Wack whfi^f^Lf "^^"^ ^ol^'y for 
photogilphic^y prJcMsiSi ^l^^^^*" that previously has been Yiilly 

McontooLd ii^thrSeXtSfw^oti^."^^ farmer's reducer 

heavier densit^ Sd wTq^ ^bsSSS^e "rlSlt""^ .^^K ^-^ °f « 
reduce contrast because of the ^^^nhl ^si^^tht^t^^^ ^^u^'^^^J^^- 
The amount of thiosulphate o^ent waf SisLt^.S^^."*^ 
amount present in a WeSifsSon be2«^PtK f*?^' compared to the 
reducer was applied wm a previouslv^^^ *° farmer's 

which is to say^.'Li emuTsiMWbS^tt^^ML^^^^^ ^^l^Jon, 50 
the alkaline thiosulphate present in farmer's reduLr i^f P. , fixed so that 
purpose of fixing, 6ut rather for the n,^^^L-^f ? not present for the 
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hSI2r"dSS^f * radiograph, without materially affecting the density of areas of 

r,f^^fi^L^I^\^^^u^°b preferably the salt of the chelated form of the iron or 
s S«t«d^.^«!^¥' which we mean a salt of an alkali metal such as sodium or 

KonTm °' *° ""'^ such as sodium or potMrium OT of 

ammoniuna or an amme or quaternary ammonium 

a«.ntV.Lfc ? preferred to incfude in the bath a potentiating agent for the bleachins 
^ <^l^M°J;^!!T^^f' ^ a subst&ited thiourelor a cyclic thioure^ 

in o -I^ optional addenda such, for instance, as an acidic pH bufferine aaent m 
IQ anti-oxidant to inhibit sulfurization. a hardener, a sequesSanra «em 

deSSr„K'?.n-'*%"^'"1*.'* ^.'^'^ »° ^ P^"^ op^raliSe'^f^shli 
Hm^ S5.ll*"i ■P*^*'* emukion is treated in the bleach/fix bath for a period df 
^^^^'^ST'^^^ upon the prevailing conditions, permits bleachSg to be 
earned out oiJy to the extent that the metallic silver in Meas of very low clensitv 

'^^'^iy "^"^ to *e point where such sOver te toW^Umtaated o? 15 
. densi^ IS not visually noticeably affected. 

m^a!^rf2^il^°" in prevailing conditions can be so extensive that it would be 
n-XXf^ *° specify anyparticular concentration of a given bleaching agent or 
lui^^ time forsubjection of tiie developed black and white emulsion to the 20 
Sk^hS X:.V"^ developed silver in certain emulsions is more prone to ^ 

/*u "'^^S aeent and. therefore, can only be bleached to obtain the 
resiUt of the present invention in shorter periods of time than other emulsions- 
tJ^tJ?f^/1i?*I?^ k"? of bleaching agent is mcreased. the length of time 
redullKJhe tWckn-fofTif accomplishing the present invenUon is 25 

reaucea, as tfte thickness of the emulsion varies, the requisite duration of exnosure 
d«n,^*«'r''M"*"'^l^'?E^°° °C8iven bleaching agent will coi^SoSly va^ thl 
SiS^tfrn^XfL^t- unitarea Md volume of tfie emSlik.n^«, so 

m of bleaching for a given concentration of a given bleaching aeent v4rv- 

^ J^^'Sf' ^ ^f^^"^^ o( exposure varies and as the tftie of deVeloSnt vS 30 

rti.«"Ki?* S^'^''' developihg agent used varies, so wiU the time ^^Sd foj^ 
S^W„^«'i!JiS.J?t.?* ^° P^^''^ invention vary; still fu^e^ ^ d^flren? 

the practice of the invention are the temperature of the Weacl^iKth thS of 
WeacMSbS?" «^ » "aek white emulsion S ScVh" orthe' 

accoS&e*t%f% S^^nv?n«a"4ur^e^F^an%SS';^t S ^ 

45 point tile areas of very low density, where fog and haze otherwise would he 
oS^?*- sutetontijlly reduced or substanffally diSe^ S cSes fa 
^rfovT»«H°*K*^'' bleaching agent and potentiating'^^gem. Tthe latlfr 
b^ &"beiS^^moJr^,irj' temperature of tr^tment in the bleach/fix 
' incse Demg tne most easily varied parameters inasmuch au the nth^r 

'° ?hS^cr°"°"'='' ""^^^ »° ch^i" or :S'r«ed"'rn s?me 50 

If a plot of the D log E curve is observed for different concentrations of 
constituents and times and temperatures of bleach/fixin&TwII be obs^^^ 

55 constant, the toe of tiie aforesaid curve is materially attacked while the balance oT «s« 
has S /SfH*^*'^ unchanged, tiius indicating tiiat the present fa^ntl^ 
selective attaet n^ ^'^^^ constitutes, a controUed enhancement of tiie image by 
ntnSiT A °? 4e?s>ty and a minimal attack on areas of hwvier 

fo K t previously, it is believed that tiiis conti-olled bleaching due 

not^lt Sv''iS^it^ed&^n^^^^^ filamentap- sUver wherein the fflai^fnte «, 
Xch a^e ffla^tSL H-Sf^^** mtermeshed so as to render these filaments. ^ 

2".?®u. "^^"^ defimng the areas of very low density, more orone to 
attack by the bleaching agent Which has penetrated the carrier of the emersion 
while concurrentiy the more intertwineS and enmesheT^d deK^lirfSS 
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metalUc sUver filajnente have not yet been affected to a ooint where the 
ehmination of portions thereof is noticeable visually. 

i^^J^fZ'^^'u° comprehending the extent of controlled bleaching of an 

5 Stm^^^^J^f"*"*?*- ^ Ppfe^ed that the concentration of bleaching agent 
rflh^ H.^t^tTS''"^^'* of fcleaching agent are controlled so that the reduction 
of the density of d^ does not exceed 10% and preferably less, e.g. 5% or less 
that ev^n^wheS*'!! "^^^l^ that withW^ to haze^ it h4s ilenibse^ed 
rn^3ie^?^f 1% the present invention, is still 

1ft 2}!^?^"® * densitometer so that some fog remains, treatment in the 
S^ffifKT* ^ considerablv cl^ the ha^e so ftS there s a 

-^"r^"^"- ? ,^Pe"an«:e when a nufiograph treated pursuant to the 
Sfh » "V?" i ^^u*; <^°ntrast to a radiograph which is treated 

with a conventional two-step black and white photographic process m which the 

15 ^tJ'Jf^J^ 1^ °S '"''I'i?* t ^hing agent. PursuSo th'^ tavl^tio^TttrtiSe 
bteSclSrS bath f«r 'fnJ^" f^^'i" t'^a" the time of treatment a 

a^Sfif » Ki "fc'^'^''^ removal m color developing processing with equal 

«f .^li^^I^*^"*^''? " practiang the invention, where the bleaching agent is a salt 
of chelated feme iron, excellent results have been obtained where the sdt is 

25 «~^t A"?.!?!'^? °{ in the presence of a potentiating 

SSdTll^We^etpTng^^^r * ^""^ ^'^'^ °' ^5 

. ♦ /fv*^/"^"f^*"*tancein teaching the practice of the invention examnlesare 
dWere'i^t^^'^^fr? °^ "^^'^ ^l^ite photiJgrSw? procSj on 

30 «^„^?™ °^ ^''"^ developing agents and specify bfeachifix baths wUh 
SI!^K*Jr temperatures and pH's. It will be seen that. typically.The time inThe 
Siu^^lThe1^I°foP^°'°f™P"*= print paper and for reprographic paper^ about 
X ^k"^ development and is about 1 to 2 minute at 68° to 80»F. while 

i^iC\^X-S^ ""^P^** "=oated variety the time in a bleacVfix manual 

« ^ .2..nunutes at eg" to 80»F for carrying out the in vTnt^on 

35 Wh^evelopmentBwrtharoUertranspo^ 35 
hC^^^^^ ''J?'** ?y .Eastman Kodak Co. of Rochester. New f ork (uSnra 

40 |S»b%T3^^^^^^^^^^ 

Stbou^?o^ ?nTof^''n^-°H"'> temperature L?ngf^1-\hXtd^^^^ 
4S • • . the double capacity cycle is concerned, the drv-to-drv 

45 ^"*VL'SSr*"'.'i^>'''y,?-^^ "P"tes and tiie temperature about 8o"f ^ 
«r..J^^''*' aUcah salts of chelated metals usafie as bleacWne agents in the 
present mvenUon include alkaU salts of the foUowinir. '"""S ascms in uie 

acids as^2hrfat?n»«*SSW^ polyaminocarboxylic acids and aminopolycarboxylic 
acios as chelatmg agents, the invention also can be achieved with the aid of otW 

All «Ahf f"'*" and Of ferric nfirilotrimethylenephosphonic acid 
The concentrations of the metal ion present in the form of a moiety of an 65 
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Ssent'iLvelrdoJl",^^ of bleaching pursuant to thl 

tcmp'irl?SV'of''§.^S!SS?5/JSkPTa?reffi'*t£^^ 

ISd^cE?S,JL^!*""* potentiatma agents are thiourea, substituted thiourea! 

tiy way of example, substituted thioureas useful in the practice of the 
JnKt N-hydrcayeUiylthioureas. NJ4^^ (hydroxyetfiyl)thiourea. N- 

pr??3ffiS'^ l5-(23^4ydroxypropyl)thiourea. N.N'.di^:3^ihy^xy- 



8 



\w2CHz— OH , 

<NIf— CH2CH— CW2 
-CH2CH2— OH 

CH2CH2— OH ^ 
NH— CH2CBf3 

%M2CH2— OH > 



and 



N:H2CH2— OH 



CH2af2— OH 



;„v.jld««'^^^^' ^11^/^^ example, cyclic thioureas useful in the 
invention include ethylenethlourea, 2-hydroxypropyIenethiourS 



practice of the 
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NH — CH2 

CH2 



CH2CH2— OH, axuL 



HH— Cll2 



not a?SlerK"hlSo^«^^^ ''f-^^"^*^ l*'^ P^^^^^ invention, but which do 
A 1 ! bleaching acUon to the same degree, are polyethvlene rfvcols 

„u- PotentiaUng agents employed should be soluble in the bleach/fix hnfh * 
cSi5 w oT-''""'' Pfeferabry. the bleach/f« bath hVan addfc%H ThS 

necessary, the chelated bleaching agent may be sufficientlv active l^t th*. 

density preferably should not bJ^iateri^Treduc^^^^ ^u^tahTv tif ^"""'^l 
permissible reduction is of the order of 10^ K&irever It v^ll h^^^^^ * f J^J]^^'' 
lesser reduction in d„, fof the order of 5<^'J«rX^X^^ • ^ pe appreciated that a 
matter, the best resfeie obto^ed where ^ dwiirabfe. As a practical 

sometimes even an increase in d -n,* ftlli^S ^ P**'***^)'' there is 
guideline to the prS of SiroreiJnt ^^^^^ constitute a practical 

50 processing steps in which I^cheS'Khfnf aeent w ^^^P^^Hr J'^''*" ""^ 
potentuuing agent and a chclate^fbleaching ageSt have te|„S^n cJmbL^Son' 



30 



35 



10 



16 



20 



CXAMPLE I. 
Constituents a 



B 



Anunonium thiosulfate 

(58%bywcightinwater) 260.0g. 260.0g. 260.0g. 
Sodium sulfite (alkaline sulfite 

antioxidant sulfurization inhibitor) 20.0g. 20.0 g. 20.0g. 

Sodium hydroxide /pHbuffering\ 5.0g. 5.0g. 5.0g, 

Acetic acid to pH V ^^"^ / 4.45 4 45 ^ 



Citric acid (sequestrant) 3^^^ 3^^^ 



Aluminum sulfate G7% by weight 
in water — hardener) 

Sodium ferric hydroxyetbyl- 
ethylenediaminetriacetate 



3^g, 



66^ g. 66 J g. 66.5 g. 



(31.7% by weight in water) 0 20.0g. 20.0g. 



Thiourea 



Water to 



0 0 5.0g. 



1 liter I liter 



hSh If!Siw ^J^P* P^^nt invention, and BCAMPLfe 1?-C includw 5 

a oieacivtix batb fm canying out anotherform of process of tlie present invention 

Three stnps of Eastman Kodak Kodabromidf grade ^ pSotoXoUc naneV 
were exposed tbrougli a conventional stepped deSsadcf^^f^fM^tl^ 

ffie'^n?^*^ first.strip denominated'strip A. befej S i^SoFl-A 
tte second stop denonimated strip B, being fLcedin robrtion l--i!and the thM 
Stop, denominated stnp C. being fixed in solution 1— <! AH BxhiK^^ S , c 

con^^Srf^S'nH^^ifi '^"P it ^shed and dried^ 

convniticnud methods. Density measurements were taken of the cxdmS ana 

^^P'^ Oamma lOthstep llthstq> dL„ 

StripA 2.08 0.30 0.52 7^ 

Strip B 2.14 0.10 0.30 2.04 

Stripe 2.72 0.10 0.12 2.14 

As can be seen from this data, when a chelated bleachinaaeent was adder! to a 

5^°? bath some increase in contrast^ Sn^°Shere J2 1 25 
substanual reducUon of fog at the visual threshold. There wasldMai^c^f in 
d^ When a potentiatiqg agent was used in addition to thfcl^ated blSne 
agent, the contrast increased by a substantial amount. thii«em.T:Hn.= ™t?-I^^^ 
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r^ll'hi'^nte/.wl''^" bleaching agents and other potenUating agents 

ll kIIw concentration of chelated bleaching agent was used 

3rec^ of /hfIff«n«^H„' '-^r'^ i-^' ^"^ substanKuJeradditivS 

enect of the potentiating agent to the action of the bleaching agent. 

XK u EXAMPLE 2. , 

1_A ■ 1 If Siven above in EXAMPLE 1. to wit. baths 

'^^ifl'^T^T'^JV^ cominuousKt^Ses o/^SSSes The threl 

red'c^^i^d^^L';;S,rr•^°'''''••"^^^ 10 

«p=,i7!?^h*/k ® ""P* ^T"^' 2— ^ Md 2-C were exposed through a stepped density 
15 preservative), diluted with seven parts by volume of water at fiR<'F for ok cl^* i 



10 



40 



45 



^^P^° Gamma ] 1th step 12lhstep 



Strip 2— A 1.88 OJl 0.49 

Strip 2— B 2.04 0.09 0.39 1.42 

Strip 2^C 2.28 0.09 o.I4 1.50 

25 EXAMPLE 3 

I— B ^d 1— C as described in connection with EXAMPLR t rh^t^J*^I^, \~^' 
carried out by hand in a tank at SO'F for W s™ds * treatment being 



Example 


Base + Fog 


6th step 


7th step 




Strips— A 


0.24 


0.57 


0.72 


3.00 


Strip 3 — B 


0.22 


0.49 


0.66 


* 2.83 


Strip 3— C 


0.19 


0.40 


0.54 


3.04 
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Furthermoi*. the ease of readi^ the xVfilm haL b«J substanUally 
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5 slSe'^^SjSS^g teS"^^the 6TSd'^7t^r ^^^^^^^^^^ 

present invention by bleaching of freshly 
cc T,.. , ^ EXAMPLE 4. 
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Constituents 



Jl. 



B 



10 



15 



20 



20.0 g. 


20.0 g. 


20.0 g. 


10.0.g. 


10.0 g. 


10.0 g. 


4.45 


4.45 


4.45 


3.5 g. 


3.5 g. 


3.5 g. 


40.0 g. 


40.0 g. 


40.0 g. 


0 


10.Qg. 


10.Qg. 


0 


0 


5.0 g. 


I liter 


1 liter 


liter 



Ammonium thiosulfate (58% by 

weightinwater) 260.0g. 260.0g. 260.0g. 

Sodium sulfite (alkaline 
sulfite anti-oxidant 
sulfunzation inhibitor) 

Sodium liydroxide / . 

{50% by weight / pH buffering \ 

in water) I system / 

Acetic acid to pH ^ ' 

Citric acid (sequestrant) 

Aluminum sulfate (37% by weight 
m water — ^hardener) 

Sodium ferric 

ethylenediaminetetraacetate 
(3 1 .7% by weight in water) 

Thiourea 

Water to 

Film Brand 

Eastman Kodak RP— L 
Eastman Kodak RP— 54 
GAFHR— 2000 
GAP HR— 3000 
Dupont Cronex4 
Dupont Cronex 6 
Dupont Cronex 11— DC 

WHAT WE CLAIM IS:— 



A 


B 


0,22 


0.19 


0^1 


0.17 


0.22 


0.22 


0.21 


0,21 


0,24 


0.24 


0.25 


0.24 


0,25 





0.17 
0.14 
0.14 
0.16 
0.22 
0.21 
0.15 
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^J. A method as claimed in clain, 1, claim 2 or claim 3 wherein the bath b *° 
salt t tSefo^e'defincl^ ""^ ' ^ * ^''^-J" ''^^ - -Ikali 

" comJiex^oTSnlnlh^S ^e ^^'aT^^S^el^^^^r"^^^^ 



\ ^ -V .CH2CK2— OH 



s=c: 

'CH2CH2-0H > 

XH2CH2— OH 

ethylcnethiourea, 2-hydroxypropylenethiourea. 



20 



25 
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? A v aiamine tetraacetic acid. 

33 the eV'd^frelS/Sli?e11"^J^ 

40 selected f ^ wherein the Mtentieting aeent is 

£:^'3pSy%th'j^nelfS"' thio'S'c^lic 

\ fi^a Cflj 8«=(^ .CH2CH2— OH 

CH2CH2— Off, "^CHaCHa— OH, 



45 



CH2CH2— OH, ancL 



flH— Cfl2 

16. A method as claimed in any one of claims 1 to 15 wherein the imatfe is a 
radiographic image. ^ 

17. A two step method of forming a black and white non-lithographic silver 

5 halide photographic image comprising a first step of developing the black and S 
wlute imMc and a second step of fixing the image and bleaching the image, the 
nxmg and bleachmg bemg concurrent, substantially as hereinbefore described 
with particular reference to the Examples. 

u ,. J^' method of forming a black and white non-lithographic sflver 

10 hahde photographic unage which is substantially a method described hCTein as an 10 
embodiment of the method claimed in claim 1. 

19. A black and white non-lithographic sOver halide photographic image 
obtamed by the method claimed in any one of claims 1 to 18. 

MATHYS & SQUIRE, 
10 Fleet Street, 
London EC4Y lAY. 
Agents for the Applicants. 



Which copies may be obtained; " 



